Nitrogen-doped TiO 2 (N-doped TiO 2 ) photocatalyst with nanosize has been synthesized through the hydrolysis of N-substituted titanium isopropoxide precursors. The light absorption onset shifts to the visible region at 550 nm with N-doped TiO 2 . A clear decrease in the band gap and the nitrogen 2p states on the top of the valence band on N-doped TiO 2 (compared to Degussa P25) is deduced from the optical absorption spectroscopy results. Photocatalytic decomposition of methylene blue has been carried out in the visible region, which N-doped TiO 2 shows higher activity than the Degussa P25.
Introduction
Photocatalysis has been thought to be a fascinating approach for resolving the embarrassments of energy, environment and resource for several decades [1, 2] . The wide-bandgap TiO 2 has become the dominant photocatalyst in the field of air and water detoxification because of its high stability, low cost, high oxidation potential and chemically favorable properties [3] . However, the intrinsic wide band-gap nature (3.0 -3.2 eV) impairs TiO 2 from playing such an important role, because it only allows TiO 2 to absorb UV light, which accounts for merely 5% of total solar energy [4, 5] . In order to overcome this limitation, extending the absorption of TiO 2 into the wide visible light region seems to be a possible solution, which enables it to utilize as much as 50% of total sunlight that reaches the surface of the earth.
Early attempts on the shifting of TiO 2 absorption into visible light region mainly focus on the doping with transition metals [6, 7] but shortcomings of metal doped TiO 2 such as thermally instability, its tendency to form charge carrier recombination centers, as well as the expensive ion implantation facilities make metal-doped TiO 2 impractical. It is not until 2001, that Asahi et. al. [8] successfully intrigued the interest in the anion doping (such as N, C, S, P and F) of TiO 2 . Among these anion dopants, nitrogen seems to be the most effective dopant due to its similar size to oxygen and small ionization energy [9, 10] . Therefore, N-doped TiO 2 became the most studied system in the field and a lot of efforts have been put on the synthesis, characterization and application of N-doped TiO 2 .
While Asahi et al [8] reported the synthesis of N doped titania in 2001, by the sputtering of TiO 2 targets with nitrogen and argon gas mixtures, there have been several reports thereafter which have discussed several ways to synthesize the same. N-doped titania has been synthesized via sputtering techniques [9] , CVD [10] as well as mechanochemical mixing of titania with ammonium carbonate [11] via a solvothermal process using TiCl 3 -hexamethylamine-alcohol solution. It has also been synthesized via a hydrazine precursor route [12] . However, all these processes either require a special apparatus for synthesis or require tight control of experimental conditions. While all these methods brought about the incorporation of N in the lattice, there is no clear indication about the mechanism of the same.
In this paper, we report a simple sol gel method to synthesize nanometer-sized visible-light N-doped TiO 2 photocatalysts. The prepared photocatalysts show an enhancement in the photodegradation efficiency of methylene blue under visible light (wavelength 390 nm) irradiation compared to commercially available TiO 2 catalyst.
Experimental Section

Synthesis of N-doped TiO 2 .
For the typical synthesis of the N-doped TiO 2 powders, a mixture of 3 mL of Ti(OPr) 4 (Aldrich 97%), 10 mL dodecylamine, and 80 mL of etanol absolute solution was refluxed until the solution became clear. This precursor solution was cooled to room temperature and 5 mL of CH 3 COOH was added to neutralize the excess of dodecylamine. Hydrolysis process was then achieved by adding 40 mL of distilled water dropwise into the solution under vigorous stirring for 24 hours. The resulting yellowish precipitate was centrifuged and washed subsequently with distilled water and ethanol. Finally, the N-doped TiO 2 NPs were vacuum-dried for 12 h and calcined for 30 min in air atmosphere at 200, 300, 400, 600 and 800 o C.
Characterization.
The N-doped TiO 2 powder was analyzed by thermogravimetric analysis (TGA) with a Q500TGA Instrument using a 10 o C/min ramp up to 800 o C. The structure of the products was examined with X-Ray powder diffractometer (XRD, Shimadzu, XRD-6000) with Cu K radiation ( = 0.15406 nm) and N 2 adsorption-desorption measurements at 77 K (Belsorp28, Bel.). UV-visible diffuse reflectance spectra were obtained for the dry-pressed disk samples using a UV-visible spectrophotometer (UV-2550, Shimadzu).
Photodegradation of Methylene Blue
The photocatalytic activity of the N-doped TiO 2 was determined by measuring the decomposition of methylene blue (MB) under the irradiation with visible light (>400 nm). A 150 W high-pressure Xenon arc lamp was used as light source. The concentration of methylene blue (MB) was determined by measuring the absorbance of the MB solution in a Shimadzu UV-Vis spectometer. For comparison, a photocatalytic reaction was carried out using commercial titania (Degussa P25) nanoparticles.
Result and Discussion
N-doped TiO 2 nanoparticles can be prepared in different ways. We found that complexation of organic amines on the Ti metal center creates highly efficient precursors for N-doped TiO 2 nanoparticles. Advantages of this route are high doping levels, controllable doping concentrations, and aqueous chemistry that results in a hydrophilic surface at low cost. The N-doped TiO 2 nanoparticles were synthesized by hydrolysis of Nsubstituted titanium isopropoxide precursors in alcohol solution. In the synthesis the nitrogen has been doped into the lattice and/or attached to the nanoparticles surface. However, at the same time, there is water and organic residue adsorbed on the surface and enclosed into the amorphous and porous N-doped TiO 2 powder. Powder X-ray Diffractometry. The crystal structure of a photocatalyst is an important property for catalytic activity of the nanoparticles. The crystal structure of the synthezised N-doped TiO 2 were studied by X-ray powder diffraction (XRD), which showed in Figure 1 . It is found that N-doped TiO 2 nanoparticles are amorphous when sintered at temperatures below 400 o C. The XRD patterns of N-doped TiO 2 calcined at 400 o C correspond to the anatase TiO 2 . The anatase phase has been transformed to rutile after increasing the calcination temperature to 600 o C. It can also be seen from the XRD patterns that the N-doped TiO 2 samples show broad peak which indicates the formation of nanoparticles. Following the Debye-Scherrer formula, it could be calculated that the particle size were around 5-8 nm. Figure 3 shows the typical nitrogen isotherm of N-doped TiO 2 spheres. It exhibits a type-IV isotherm curve with an H2 hysteresis loop according to IUPAC classification [13, 14] , which means the spheres have mesoporous structure. From BJH distribution, the N-doped TiO 2 show high BET surface areas of 147 m 2 /g. It was because of the mesoporous structure and the large amount of nanometer crystallites. Diffuse Reflectance Spectroscopy. The optical absorbance and reflectance was used to study the capability to photosensitize the TiO 2 nanoparticles. The absorbance shift of the N-doped TiO 2 NPs can be observed from the reflectance spectra of undoped (Degussa P25) and N-doped TiO 2 NPs in Figure 4 . The yellowish N-TiO 2 sphere powders show good absorbance of visible light. It can be seen from Figure 3 that the visible light absorption is high and extended up to 550 nm in the case of N-doped TiO 2 calcined at 400 o C compared to that of pure TiO 2 which could only absorb light in the UV range. It may be due to that nitrogen species occupy some of the oxygen positions in the lattice. This also rules out the occupancy of N in any other positions such as interstitial sites, which should give rise to a mid gap band/level between valence and conduction bands. The band gaps of N-doped TiO 2 and Degussa P25 were calculated by the equation [12] E g =1239.8/λ (1) where E g is the band gap (eV) and λ (nm) is the wavelength of the absorption edges in the spectrum. The band gap for N-doped TiO 2 and Degussa P25 as calculated for the absorption edge in the visible region was found to be 2.25 eV and 3.09 eV respectively. 
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